ASD-TR-68-29 


\ 


SYNOPSIS  OF  A  THUNDERSTORM  RESEARCH 
PROGRAM  (ROUGHRIDER)  FOR  1966-1967 


EDWARD  MILLER 


Capt,  USAF 


TECHNICAL  REPORT  ASD-TR-68-29 


AUGUST  1968 


This  document  has  been  approved  for  public 
release  and  sale;  its  distribution  is  unlimited. 


DIRECTORATE  OF  FLIGHT  TEST 
AERONAUTICAL  SYSTEMS  DIVISION 
AIR  FORCE  SYSTEMS  COMMAND 
WRIGHT-PATTERSON  AIR  FORCE  BASE,  OHIO 


. . iiMiiiiHMlililiii . iWliUmmui . ■■ . inm . . . . . 


NOTICE 


When  Government  drawings,  specmoati-rs 
other  than  in  connection  with  a  definite!:/  relaind  § 
the  United  States  Government  thereby  mour-  - 
whatsoever;  and  the  fact  that  the  Governm-^-^ 
any  way  supplied  the  said- drawings,  specifieafc*^! 
by  implication -or  otherwise  as  in  anv  manner  Uees 
ot  corporation,  ov  CG-iygvInt7  hhv  rifrhf^  q>* 
patentediihvention  that  may  is  any  way  be  rej«tedii 


This  doeument  has  been  apnroved  for  oubli 
unlimited;  ^  1- 


Ljj,  E  •  pS:t;jSS 

fetayga  "*  Oj 
Wjn&ibtx — — = 


"  1 

!  cmt*r 
!  tistiti 

si  ]  5 

tSSi%T*tUS! 

,*UH.  ©i 

lit!  C69B 

IF  1: 

Copies  of  this  report  should  not  be-  ret 
considerations,  contractual  obligations,  or 


-- 

'Siimor 


30u  -  Sept.  ISt-S 


ASD-TR-6S-29 


SYNOPSIS  OF  A  THUNDERSTORM  RESEARCH 
PROGRAM  (ROUGHRIDER)  FOR  1966-1967 

EDWARD  MILLER 
Copt,  VSAF 


S 

#  - 


This  document  has  been  approved  for  public 
release  and  sale;  its  distribution  is  unlimited. 


ASD-TR-68-29 


FOREWORD 

This  report  documents  the  final  two  years  (1S66  and  1967)  of  a  Government 
sponsored  research  program  which  was  designed  to  gather  meteorological  data  on 
thunderstorms  during  mid-April  to  mid-June  of  the  respective  years.  An 
additional  data  gathering  period  was  also  accomplished  during  August  of  1966. 

This  program  functioned  under  the  official  nickname  ' ‘Rcughrider  Six** 
during  1966  and  “HAVE  Roughiider”  during  1967.  The  system,  and  task 
numbers  for  1966  were  804A,  8620,  ami  606  respectively.  These  same  numbers 
were  changed  to  9 2 IK.  97S40,  and  601  for  1967. 

The  governmental  participants  included  the  Air  Force  Systems  Command 
(AFSC),  the  Air  Force  Cambridge  Research  Laboratory  (AFCRL),the  Air  Force 
Weapons  Laboratory  (AFWL),  the  National  Severe  Storms  Laboratory  {NSSL}, 
and  the  Federal  Aviation  Administration  (FAA).  The  nongovernmental  organi¬ 
zations  which  took  part  in  the  effort  were  the  Sandia  Corporation  ami  the  lightning 
and  Transients  Research  Institute  which  were  contracted  by  the  AFWL  and  the 
FAA,  respectively,  to  aid  in  a  particular  phase  of  the  project.  The  project 
supervisory  officials  were  Dr.  Robert  M.  Cunningham,  Cloud  Physics  Branch, 
Meteorology  Laboratory.  AFCRL;  Dr.  Edwin  Kessler,  Director,  NSSL;  Major 
Robert  J.  Vanden- Heuvel ,  Task  Force  Commander  and  Project  Pilot  (1966), 
Aeronautical  Systems  Division  (ASD);  and.  Major  Nathaniel  O.  BeVoli,  Task 
Force  Commander  and  Project  Pilot  (1967),  ASD. 

This  report  was  written  by  Captain  Edward  Miller,  Project  Engineer,  ASD, 
and  released  for  publication  during  May  1968, 

This  report  has  been  reviewed  and  is  approved. 


RICHARD  O,  RANSBOTTOM 
Colonel,  USAF 
Director  of  Flight  Test 
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ABSTRACT 

The  ultimate  objective  of  the  meteorologists  involved  in  this  particular 
study  of  the  cumulonimbus  was  to  obtain  sufficient  data  during  various  stages 
of  the  cycling  thunderstorm  to  produce  a  detailed  model  of  the  subject  and  thus 
improve  the  ability  to  predict  the  magnitude  and,  where  applicable,  the  direction 
of  the  variables  Involved.  This  project  required  a  platform  from  which  instru¬ 
mentation  could  be  utilized  to  sample  the  sought  after  storm  information. 
The  platform  was  an  instrumented  AF  F-1G0F  aircraft  which  was  used  to 
penetrate  thunderstorms  and  the  air  space  surrounding  the  perimeter  of  the 
storm.  The  aircraft  was  vectored  by  ground  radar  into  the  particular  areas 
of  interest  to  record  tee  various  data.  This  information  would  be  analyzed  with 
data  recorded  simultaneously  by  ground-based  meteorological  equipment  to 
provide  a  relatively  detailed,  time-correlated  picture  of  the  synoptic  situation. 
Needless  to  say,  tee  data  acquired  is  voluminous  in  quantify  and  at  the  time 
of  this  writing  is  in  the  preliminary  stages  of  analysis.  Therefore,  this  report 
will  not  delve  into  a  detailed  discussion  of  the  data  but  shall  note  from  whom 
such  an  analysis  can  eventually  be  obtained. 

This  abstract  has  been  approved  for  public  release  and  sale;  its  dis¬ 
tribution  is  unlimited. 
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SYMBOLS  (CONTD) 

w  water  vapor  content  per  unit  volume  of  dry  air,  grams/cubic  meter 

wy  absolute  humidity  of  the  gas -line  sample  transferred  to  atmospheric 
conditions,  grams/cubic  meter 

fig  aircraft  mass  ratio 

d  C  t  slope  of  the  lift  curve 

Tct 

pQ  air  density  at  sea  level,  slugs/cubic  foot 
p  air  density,  slugs/cubic  foot 

Q  pitch  angle,  radians 

§  average  pitch  angle,  radians 

Q  pitch  rate,  radians/second 

Q  average  pitch  rate,  radians/ second 


SUBSCRIPTS 


ATM 

atmosphere 

SAM 

sample 

GL 

gas  line 

a 

dry  air 

w 

water  vapor 

i 

instantaneous 

MAX 

maximum 

0 

zero 
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SECTION  I 
INTRODUCTION 


1,  The  NSSL  of  the  Environmental  Science  Services  Administration 
coaducfc-  an  intensive  research  program  to  accumulate  data  on  the  winds, 
rain,  hail,  snow,  turbulence,  and  icing  characteristics  of  the  cumulonimbus 
with  the  objective  ac  ability  to  predict  using  radar  the  degree  of  severity  and 
location  of  these  elements  within  the  storm  hy  ground  analysis  of  the  storm. 
A  simultaneous  research  effort  was  being  conducted  by  the  AFCRL  with  the 
resultant  goal  that  of  a  detailed  understanding  of  the  electrical  phenomena 
associated  with  the  thunderstorm.  The  Aeronautical  Systems  Division  provided 
these  organizations  with  support  personnel  and  an  instrumented  F-100F  aircraft 
fcr  internal  probing  of  the  thunderstorms  to  gather  the  essential  data.  Separate 
flight  phases  {Phases  I  and  II)  were  programmed  to  obtain  this  data  because 
the  NSSL  program  (Phase  I)  required  an  elaborate  array  of  ground  support 
personnel,  equipment,  and  facilities,  all  of  which  could  readily  be  found  only 
within  a  10G  nautical  mile  radius  of  the  NSSL  (Norman,  Oklahoma),  although  the 
probability  of  recording  the  electrical  data  requested  by  the  AFCRL  in  storms 
which  formed  over  this  area  was  relatively  low.  Therefore,  the  supporting 
flints  for  the  AFCRL  (Phase  II)  effort  were  based  at  Patrick  AFB,  Florida, 
because  of  the  relatively  large  amount  of  electrical  activity  in  the  storms  as 
well  as  the  availability  of  ground  support  facilities. 
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SECTION  n 

TEST  INSTRUMENTATION  AND  PURPOSE 


2.  The  primary  test  instrument  was  the  F-100F  aircraft  (Figures  1  and  2). 
The  aircraft’s  noseboom  was  all  that  was  structurally  strengthened  for  the 
penetrations  although  some  prototype  equipment  was  installed  to  protect  the 
aircraft  and  pilot  from  lightning  strikes  (Reference  paragraph  77  of  this  report). 
The  aircraft  functioned  as  a  test  instrument  since  its  attitude  and  movement 
were  recorded  and  this  data  was  utilized  to  determine  the  magnitude  of  the 
gust  loads  encountered. 


3.  Most  of  the  test  instrumentation  carried  in  the  F-100F  was  used 
during  both  the  1966  and  1967  programs.  This  instrumentation  can  be  divided 
into  three  groups.  Group  I  refers  to  equipment  used  during  all  phases;  Groups  II 
and  III  equipment  were  used  during  Phase  I  (  1966  and  1967)  ami  Phase  II  (1966) 
respectively.  The  equipment  for  each  group  was  as  follows: 


Group  I 


Angle-of-attaeh  indicator 
Normal  accelerometer 
Pitch  and  roll  gyros 
Pitch  and  roll  rate  gyros 
Airspeed  and  altitude  transducers 
Temperature  probe 
Ice  Detector 

Magnetic  heading  indicator 
TACAN  bearing  &  range  indicator 
Differential  static  pressure  indicator 
Elevator  &  aileron  position  indicators 


Fuel  weight  indicator 
Time-lapse  camera 
Voice  recording 
Nitrogen  purge  system 
Direrter  dischargers 
Static  dischargers 
Canopy  protector  strip 
Time  code  generator 
Continuous  ignition  capability 
Leach  Magnetic  Tape  System 
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GROUP  n 


group  m 


Had  probes 

APN-91  receiver-transmitter 
1680  me  beacons 
Angle-of-sideslip  indicator 
Pilot  stick  force  indicator 
Dropsondes 

Lateral  &  longitudinal  accelerometers 
Yaw  angle  indicator 
Rudder  positic  ~  indicator 
Yaw  rate  gyro 
VGH  recorder 


16mm  time-lapse  cameras 
Current  shunts  &  probes 
Electric  field  mills 
Instrumented  wing  tank 
Pressure  transducer 
Range  time  receiver 


4.  The  following  discussion  pertains  to  those  instruments  which  require 
further  explanation  as  to  their  use  cm  this  project. 

HAIL  PROBES 

5.  A  pair  of  prototype  instruments  were  designed  to  give  an  indication  of  the 
mass  of  some  of  the  hail  encountered  and  were  mounted  above  the  upper  lip 
of  the  inlet  duct  Each  probe  was  a  cantilever  beam  designed  so  that  in  a  majority 
of  cases,  the  output  of  either  probe  would  indicate  a  mass  less  than  the  actual 
mass  of  the  hail  because  any  compression  or  torsion  of  the  probe  was  not 
recorded.  The  probe  output  was  emitted  from  strain  gages  positioned  to  piclr  up 
only  probe  “bending* *  in  the  XY  plane  (Figure  3).  The  components  of  torsion  and 
compression  were  considered  negligible. 

STATIC  PRESSURE  VARIATION 

6.  The  Rosemount  Engineering  Company  pressure  measurement  system 
model  800F7A  was  used  to  detect  variations  in  the  atmospheric  static  pressure 
in  the  thunderstorm  cells.  This  instrument  was  composed  of  a  pressure  sensor 
and  an  altitude  reference  controller.  The  device  had  two  phases  which  were 
referred  to  as  the  standby  phase  and  the  “operate**  phase.  During  the  standby 
phase,  the  resultant  output  of  the  system  was  zero.  When  the  operate  phase 
was  selected,  the  instrument  would  compare  instantaneous  static  pressures 
encountered  during  the  penetration  with  the  initial  static  pressure  sensed 
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at  the  start  of  the  operate  phase.  Accuracy  of  the  system  is  ±3%  cf  foil  scale 
under  all  conditions  (Reference  1).  Therefore,  the  maximum  error  in  the 
instrument  under  the  conditions  encountered  should  be  ±60  feet. 

INFRARED  THERMOMETER 

7.  Temperature  of  the  encountered  environment  was  determined  by  an 
infrared  device  mounted  on  the  left  side  of  the  aircraft  The  centerline  of  the 
instrument’s  3 -degree  field  of  view  was  perpendicular  to  the  aircraft  centerline 
and  laid  in  a  horizontal  plane. 

8.  The  infrared  thermometer  consisted  of  a  sensing  head  and  an  electronics 
console.  The  sensing  head  held  the  blackbody  soiree,  spectral  filter,  thermistor 
bolometer  detector,  motor  driven  chopper,  and  a  preamplifier.  The  console 
housed  the  power  supply,  post  amplifier,  and  rectifier  among  other  electronic 
components.  The  central  part  of  the  system  was  the  insulated  blackbody  source, 
the  front  of  which  was  sealed  by  a  spectral  filter  and  the  rear  with  the  thermistor 
bolometer  detector.  A  thermistor  washer  and  heater  were  used  to  keep  the 
reference  cavity,  spectral  filter,  and  detector  at  a  constant  temperature  (40°C). 

9.  The  method  of  operation  was  for  electromagnetic  radiation  between 
8  and  13  microns  to  pass  through  the  filter  aid  hit  the  detector.  This  influx 
of  radiation  was  interrupted  by  a  multivane  chopper  operated  at  SO  cycles  per 
second.  During  these  interruptions,  the  detector  would  receive  an  input  from 
the  temperature-controlled  reference  cavity.  The  system  would  compare  the 
radiation  from  the  controlled  source  with  that  received  from  the  target.  A  re¬ 
sultant  AC  signal  proportional  to  the  infrared  differenrial  was  then  emitted  by  the 
electronics  console  and  recorded.  The  accuracy  of  the  instrument  is  quoted 
(Reference  2}  as  ±8'F  under  the  conditions  to  which  it  was  subjected. 

TIME-LAPSE  CAMERA 

10.  A  Flight  Research  16mm  camera  was  mounted  directly  in  front  of  the  pilot 
(Figure  4)  during  the  1966  phases.  The  camera  had  a  10mm,  f  1.8  Angenieux 
lens  with  a  fixed  focus,  a  horizontal  viewing  angle  of  55.4  degrees,  and  a  vertical 
viewing  angle  of  41.1  degrees.  The  unit  was  set  at  an  f  stop  between  5.6  and 
8.0  for  the  Kodachrome  n  film.  Film  was  exposed  at  the  rate  of  one  frame  per 
second. 
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11.  A  35mm  camera  was  utilized  during  196?  in  place  of  the  16mm 
time-lapse  camera.  The  35mm  camera  {Figure  5)  operated  at  a  frame  a  second 
and  was  set  at  F-ll  and  focused  on  infinity.  Ektachrome  film  was  used. 

AN/APN-91  RECEIVER -TRANSMITTER 

12.  The  radio  beacon  used  is  a  subminiaturized  airborne  transponder  de¬ 
signed  for  operation  in  the  S  frequency  band.  The  unit  is  composed  of  a  power 
supply,  bandpass  filter,  ami  a  receiver-transmitter.  When  interconnected  to  a 
receiving  antenna  and  a  transmitting  antenna,  the  equipment  transmits  a  coded 
reply  in  response  to  each  signal  pulse  interrogation  received  from  a  ground  or 
airborne  radar  set.  The  coded  reply  pulses,  when  viewed  on  the  interrogating 
radar  indicator  as  beacon  images,  permit  radar  tracking  of  the  radio  beacon 
equipped  aircraft  at  far  greater  distances  than  obtained  by  skin  reflections. 

13.  The  instrument  is  capable  of  transmitting  any  of  six  reply  codes.  The 
desired  code  was  chosen  before  flight.  A  decoder  was  built  into  the  beacon  so  that 
only  a  radar  set  interrogating  with  the  correct  pulse  sequence  would  be  answered. 

1680  MEGACYCLE  BEACONS 

14.  Two  radiosonde  transmitters  were  installed  on  the  aircraft.  One  beacon 
was  mounted  under  the  canopy  while  the  second  was  placed  to  protrude  from  toe 
underside  of  the  fuselage.  Both  of  these  units  were  tracked  with  ground -receivers. 
The  resultant  data  from  the  transmitters  gave  the  penetration  aircraft  elevation 
and  azimuth  angle. 

ELECTRIC  FIELD  MEASUREMENT 

15.  The  AFCRL  provided  all  toe  instrumentation  pickups  aboard  toe  F-100F 
aircraft  used  to  measure  lateral  and  vertical  components  of  the  electric  fields 
encountered  during  the  traverses.  This  instrumentation  included  a  three-channel 
solid-state  computer,  three  field  mills,  and  various  other  transistorized 
components.  No  attempt  will  be  made  to  describe  the  equipment  since  it  was 
maintained  aid  its  data  output  interpreted  by  AFCRL. 
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DROP&ONDES 

16.  The  dropsonders  (Figure  6)  utilized  were  designed  for  release  from  high 
speed  aircraft  into  various  degrees  of  thunderstorm  turbulence.  The  telemetry 
data  was  monitored  at  three  separate  ground  stations  and  the  sondes  were 
tracked  via  radar  to  obtain  data  on  the  wind  vectors  encountered. 

17.  The  subject  dropsoodes  were  procured  and  maintained  by  NSSL 
personnel  and  any  detailed  information  on  the  data  or  operation  of  these  units 
can  be  obtained  from  the  NSSL. 

VGH  RECORDER 

18.  The  NASA  VGH  recorder  was  utilized  as  an  independent  system  for  the 
sensing  and  recording  of  the  airspeed,  altitude,  and  acceleration  envelopes 
flown  during  the  various  flight  profiles.  These  recordings  wero  used  to  provide 
an  aid  in  the  data  analysis  and  to  provide  a  simplified  means  for  quickly  scanning 
the  data. 


19.  The  recorder  system  is  composed  of  a  small  electronics  package, 
an  accelerometer,  and  a  iilm  magazine.  The  electronics  package  contains  the 
airspeed  and  altitude  transducers  as  well  as  the  light  source  and  the  galvano¬ 
meters  for  the  light-sensitive  recording  paper.  The  magazine  held  200  feet  of 
film  paper  and  at  a  running  speed  of  0.125  inch  per  second  permitted  a  recording 
time  of  320  minutes.  The  electronics  and  the  magazine  section  were  installed 
under  the  nose  cowling  while  the  accelerometer  unit  was  mounted  aft  of  the 
rear  cockpit 

20.  The  original  paper  records  accumulated  during  the  flight  phase  are 
filed  with  the  NSSL.  Any  detailed  analysis  performed  and  the  correlation  of 
these  records  and  those  of  the  primary  recording  system  will  be  accomplished 
by  the  NSSL. 

MAGNETIC  TAPE  SYSTEM 

21.  The  MTR-3200  magnetic  tape  recorder  manufactured  by  Leach  Corpora¬ 
tion  was  the  primary  source  for  recording  data  during  all  phases  (Figure  4).  Of 
the  total  number  of  channels  available  on  this  recorder,  four  were  used  as  analog 
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channels  with  an  average  of  seven  variables  per  channel  while  eight  other 
channels  were  utilized  as  FM  carriers.  The  recorder  speed  of  3.75  inches 
per  second  was  chosen  to  ensure  ample  recording  time  for  the  entire  flight. 

LIGHTNING  STUDY  INSTRUMENTATION 

22.  This  instrumentation  package  which  was  used  only  (hiring  Phase  II  (196$) 
was  composed  of  two  independent  subsystems.  The  primary  subsystem  was 
composed  of  aluminum  probes,  current  shunts,  oscilloscopes,  and  35mm 
cameras.  This  subsystem  was  designed  to  permanently  record  current  versus 
time  relationships  for  each  lightning  strike  on  the  various  aircraft  extremities. 

23.  Aluminum  probes  were  mounted  on  each  wingtip  (Figure  7}  and  the 
vertical  stabilizer  (Figure  8}  to  provide  relatively  vulnerable  targets  for  any 
strikes  near  these  sections.  The  probes  were,  in  turn,  connected  to  0.005-ohm- 
current  shunts  which  were  grounded  to  the  aircraft  so  that  any  current  flow 
through  the  probes  would  be  channeled  through  the  shunts  then  back  to  the  aircraft 
to  follow  the  normal  current  flow  path.  An  oscilloscope  was  attached  to  each 
shunt  to  measure  the  voltage  differential  across  the  shunt.  This  differential 
was  shown  on  the  calibrated  scope  grid  screen  as  a  current  versus  time 
relationship.  A  35mm  camera  was  focused  mi  the  screen  of  each  scope  to 
achieve  the  permanent  documentation  required.  Four  35mm  cameras  ami  four 
oscilloscopes  were  used,  one  scope  and  one  camera  for  each  current  shunt. 
These  items  were  all  housed  in  a 450-gallon  tank  hung  on  the  left  wing  (Figure  (9), 

24.  The  noseboom  was  altered  to  serve  as  the  fourth  aluminum  probe  by 
bisecting  the  boom  and  inserting  a  current  shunt.  This  section  was  then  covered 
by  laminated  fiberglass.  An  carter  fiberglass  casing  was  installed  around  this 
wrapping  to  strengthen  the  boom  (Figure  10).  Hie  fourth  oscilloscope  mentioned 
previously  was  attached  to  this  shunt, 

25.  The  second  subsystem,  which  consisted  of  four  cameras,  was  designed 
to  document  any  electrical  phenomena,  on  the  aircraft  noseboom,  wingtips, 
fuselage,  and/or  empennage.  One  camera  was  mounted  under  the  steel-capped 
ILS  antenna  in  the  upper  lip  of  the  inlet  duct  (Figure  10),  and  another  camera 
was  installed  between  the  cockpits  (Figure  11).  Both  of  these  Flight  Research 
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cameras  carried  16mm  Kodachrome  II  Daylight  film  with  the  additional  feature 
of  being  shutterless  so  as  to  provide  exposed  film  during  the  entire  mission. 
The  film  in  each  camera  moved  at  a  rate  of  a  frame  a  second.  The  camera 
focused  on  the  noseboom  was  set  at  f  11  while  the  other  camera,  set  at  f  16, 
encompassed  the  wingtips  and  tail  section  in  one  frame  by  the  use  of  a  wide- 
angle  lense.  The  third  camera  was  16mm  and  was  beamed  in  the  450-gailon  tank 
(Figure  12),  It  was  focused  on  the  right  wingtip  ami  set  at  f  22,  The  fourth 
camera  was  35mm  with  a  180 -degree  lense  focused  to  include  a  complete  side 
view  of  the  aircraft.  This  camera  was  also  mounted  in  the  wing  tank  (Figure  12). 

COCKPIT  CONTROLS 

26.  All  test  instruments  were  controlled  from  test  switches  on  the  center 
and  right  consoles  (Figures  13  and  14)  in  die  front  cockpit  except  for  the  tape 
system  run-stop  switch  which  was  connected  to  the  radar  reject  button  on  the 
pilot's  stick.  In  addition,  the  stick  trigger  was  altered  to  provide  the  pilot 
with  the  capability  of  putting  event  markings  on  particular  sections  of  the 
magnetic  tape  record. 

HYGROMETER 

2 7.  The  hygrometer  consists  of  two  physically  separate  units,  a  sensor  and  a 
control  unit  (Figure  15).  A  mounting  block  for  the  sensor  (Figure  16),  inter¬ 
connecting  tubing  between  the  source  of  the  gas  sample  and  the  sensor  (Figure  17), 
a  calibration  platinum  resistor  unit  (Figure  18),  and  an  extended  section  of 
coaxial  cable  between  the  sensor  and  the  electronics  were  added  to  the  system 
for  this  installation. 

28.  The  sensor  consists  of  a  thermoelectric  cooler,  mirror-light  system, 
and  a  platinum  resistance  thermometer.  Basically,  the  sensor  functions  as 
follows:  The  cold  junction  of  the  thermoelectric  cooler  is  a  stainless  steel 
mirror  is  which  the  piaHmim  resistance  thermometer  is  imbedded.  The  mirror 
which  is  exposed  to  the  sample  gas,  reflects  light  from  a  source  onto  a  photo¬ 
diode.  The  resultant  condensate  on  the  mirror  surface  due  to  cooling  of  the 
mirror  to  the  dew-point  temperature  of  the  gas  sample  causes  refraction  of 
the  light  from  the  mirror  to  the  photodiode  which,  in  turn,  stops  the  decrease 
in  surface  temperature  of  the  cold  junction.  The  platinum  resistance  thermometer 
in  the  mirror  monitors  this  dew-point  temperature. 
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29.  The  control  unit  contains  the  control  circuitry  and  power  supply  for  the 
sensor  and  provides  millivolt  output  signals  proportional  to  the  dew-point 
temperature. 

30.  The  calibration  platinum  resistor  was  placed  in  parallel  electrically 
with  the  sensor.  A  toggle  switch  mounted  in  the  front  cockpit  enabled  the 
pilot  to  provide  a  known  input  to  the  hygrometer  system  from  the  calibration  unit. 

31.  The  gas  sample  was  taken  from  the  engine  at  a  point  between  the 
low  and  high  pressure  compressors.  The  tap-in  port  was  flush-mounted  and  the 
tubing  was  stainless  steel  of  0.1 9-inch  inside  diameter.  The  part  of  the  tubing 
which  would  be  inaccessible  when  the  engine  was  Installed  in  the  aircraft  was 
provided  with  a  vacuum  jacket  to  preclude  the  chance  of  condensation  occurring 
in  this  section  of  tubing. 
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SECTION  m 

TEST  PROCEDURE 


32.  The  Phase  I  flight  activities  were  based  on  the  NSSL  radar  studies 
of  thunderstorm  systems  within  the  Roughrider  range  of  operations.  These 
studies  required  daily  effort  by  the  NSSL-  personnel  to  enable  them  to  brief 
the  pilots  and  engineer  each  morning  concerning  a  tentative  takeoff  time  for 
fee  ASD  aircraft.  The  ground  activity  for  the  Phase  II  flights  followed  a  similar 
procedure.  That  procedure  was  for  the  Task  Force  Commander  and  the  Project 
Supervisor  to  decide  upon  a  tentative  takeoff  time  based  on  the  daily  study  of 
the  Patrick  AFB  weather  reports  and  radar  pictures.  These  procedures  rt  uiited 
in  a  total  of  55  flights  over  the  tw  o  test  sites  and  an  accumulation  of  approximately 
1,304  minutes  of  recorded  data  (Table  I). 

33.  The  radar  system  was  not  only  the  prime  instrument  used  in  planning 
but  also  in  the  actual  flight  operations.  This  system  established  two  criteria  which 
bad  to  be  met  before  a  storm  would  be  consider  ed  for  study.  The  first  of  these 
criteria  was  for  the  storm  to  be  positioned  within  100  nautical  miles  of  Norm  an, 
Oklahoma,  for  Phase  lt  or  200  nautical  miles  of  Patrick  AFB*  Florida,  for 
Phase  IL  The  variation  in  radii  was  due  to  fee  variation  in  maximum  range  cf 
the  radar  systems  used.  The  second  qualification  was  for  that  part  of  the  storm 
to  be  penetrated  to  h&ve  a  radar  reflectivity  value  equal  to  or  less  than 
10  mm  /m  .  This  value  is  proportional  to  the  echo  power  received  iw  the 
radar  system  and  Is  also  dependent  on  the  nature  and  size  of  the  storm  particles 
encountered.  Experience  has  Shown  that  tbs  probability  of  encountering  hnil 
which  would  damage  the  F-100F  aircraft  is  greatly  magnified  when  the  reflectivity 
level  goes  above  the  quoted  value.  Experience  has  sfeosm  that  compliance  with 
this  sects id  criterion  was  net  necessary  for  flights  over  the  Florida  test  srea. 

34.  AH  the  Roughrider  aircraft  were  vectored  to  the  subject  storm  system 
fcy  an  FA  A  radar  controller.  However,  similarity  of  flight  operations  censed 
upon  reaching  the  storm  cells.  Therefore,  each  test  procedure  is  considered 
separately  in  the  following  paragraphs. 
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F-IOGF  AIRCRAFT 

35.  This  alter* 7  was  glrea  fee  prefer  pssetrafRs  hesdir^  sad  aldfaie  hf 
Use  radar  controller.  The  pilot’s  objactrrc  was  to  held  this  heading  as  ’sreS  as  his 
aircraft's  attifcde.  Toe  prescribed  pe^rsSaa  speed  ’s'ostenr.sdto  be  2*5  S3AS. 
Baring  Use  penetration,  fee  pikt  was  reqsasfed  to  rerhallj  describe  Ms  ex¬ 
periences  which  weald  la  ferns  be  recorded  oafepe.  This  prs^eedare  was  repealed 
as  assay  liases  as  feasible  per  asssslcn,  sad  was  fee  Bight  procedure  adopted 
Assist  all  storm  pesetratlass  with  this  aircraft. 
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after  release  from  tbs  aircraft.  The  F-10QF  sire 
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ceE  sad  .remain  Is  *  isngdlm^  patters  tssill  the  dropsem! 
cell.  Then  the  pasetrstiens  were  to  csstssse.  Use  dr* 
Bess  eser  fee  Florida.  lest  ares. 
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32.  Ftsase  II  F-1O0F  aircraft  JSlg^i  opera  P  ens  ghcMded  act  salFfee 
penetration  procedure  listed  la  fee  former  paragraph  Ms  slsslsla^ds 
aitensst  Is  record  clood-fe-grosad  Isghfef^  as  It  strati  fee  aircraft.  Saha  sa 
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b.  One  rocket  firing  facility  was  set  up  in  central  Florida  and  utilized 
a  series  of  three  81mm  mortar  tubes  to  fire  the  rockets.  The  second  firing 
facility  was  based  on  board  the  LTRIresearch  vessel  “Thunderbolt”  (Figure  19). 
Aside  from  a  number  of  preparatory  missions,  there  were  no  flights  over  these 
facilities  because  the  storms  that  did  accumulate  did  not  attain  the  prerequisites 
necessary  for  possible  accomplishment  of  the  mission.  This  should  not  be 
interpreted  to  mean  the  procedure  used  to  induce  the  cloud-to-ground  strikes 

does  not  work.  In  fact,  the  LTRI  succeeded  in  inducing  17  such  strikes  out 
of  23  attempts  (Reference  3). 

T-33  AIRCRAFT 

38.  The  f-33  aircraft  was  used  in  both  phases  solely  as  a  safety  measure. 
This  aircraft  had  the  task  of  rendering  all  assistance  possible  to  the  F-1.00F 
should  the  aircraft  run  into  problems.  The  chase  aircraft,  as  the  T-33  was 
called,  would  hold  or  orbit  in  an  area  specified  by  the  FAA  radar  controller 
during  each  mission.  This  aircraft  was  chosen  for  its  role  because  it  was 
the  most  suitable  jet  aircraft  available. 
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SECTION  IV 

DISCUSSION  (PHASE  I) 

39.  The  data  accumulated  during  Phase  I  as  a  result  of  the  F-100F 
penetrations  included:  (a)  the  data  presented  in  Table  II;  (b)  a  quantitative 
and  qualitative  measure  of  the  storm  erosion  conditions;  (c)  a  feasibility 
study  concerning  the  release  of  radiosondes  from  high  speed  aircraft;  and 
(a)  a  study  to  decide  the  feasibility  of  using  a  dew-point  sensor  to  measure 
the  combined  quantity  of  liquid  and  solid  water  in  the  thunderstorm. 

MAGNETIC  TAPE  DATA 

40.  All  data  necessary  to  directly  or  indirectly  obtain  values  for  ihe 
parameters  in  Table  II,  aside  from  the  cloud  formation  film  and  the  erosion 
intensity  data,  is  recorded  on  magnetic  tape.  The  values  of  the  vertical  gust 
velocity,  derived  gust  velocity,  and  ambient  temperature  were  the  only  parameters 
which  could  not  be  read  directly  from  the  tapes  but  were  calculated  using  the 
respective  mathematical  relationships  presented  in  the  following  paragraphs. 

41.  The  vertical  component  of  the  gust  velocity  was  the  only  component 
calculated  at  the  time  of  the  writing  of  this  report  primarily  because  it  has 
significantly  greater  peak  magnitudes  relative  to  the  other  Two  vectors.  The 
procedure  utilized  to  obtain  a  time  history  of  this  vertical  component  was  to 
measure  the  undisturbed  flow  angle  relative  to  the  aircraft  and  to  correct  this 
value  for  the  effects  of  aircraft  motion.  The  equation  used  to  combine  these 
variables  to  calculate  the  vertical  component  of  the  gust  velocity  was: 

»;  .  -  —  *? 

Vq  *  V;  (a  i  -  a0)  -  Vi  J  {8\  -  9)  dt  +  &  [9\  -0)  +J  «n;-n)  dt  { 

o  o 

One  of  the  obvious  assumptions  in  the  equation  is  that  the  particular  angles 
involved  are  small  enough  to  permit  replacement  of  the  sine  of  the  angle  by  the 
value  of  the  angle  in  radians.  The  other  assumptions  made  as  well  as  a  detailed 
analysis  of  this  equation  can  be  found  in  Reference  4, 
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42,  Tbe  equation  used  to  obtain  values  of  the  derived  gust  velocity  is 
stated  as  follows  (Reference  5): 


2  Anfflqx  W  (2) 

°E  *  ^£l  PoSVeKg 
<*a 

Correlated  time  histories  of  the  increment  in  normal  acceleration,  the  aircraft 
weight,  and  the  aircraft  equivalent  airspeed  were  determined  from  the  taped  data; 
the  gust  factor  was  obtained  from  the  plot  of  gust  factor  versus  mass  ratio 
in  Reference  5.  This  particular  factor  is  a  variable  and  function  of  the  mass 
ratio  which,  in  turn,  is  equal  to: 


2W 

uo  *  - 

^  dCL  p  eg  S 


(3) 


43.  The  values  of  the  derived  gust  velocity,  which  were  determined  for 
all  of  the  penetrations,  show  that  the  greatest  positive  and  negative  values  of 
this  transfer  function  to  be  45  and  54  feet  per  second,  respectively,  for  the 
storms  penetrated. 

44.  Bernoulli’s  equation  for  adiabatic  flow  of  a  perfect  gas  was  used  to 
calculate  the  ambient  temperature.  The  temperature  probe  recovery  factor 
was  incorporated  into  the  equation  to  account  for  the  error  involved  in  detecting 
the  true  temperature  rise  due  to  the  dynamic  heating.  This  recovery  factor  for 
the  particular  model  probe  used  is  better  than  0.S0.  The  subject  equation  was 
utilized  *u  the  following  form: 


Tic 


tATM  + 


KM2 

5 


tATM 


45.  Calculation  of  the  values  of  the  vertical  component  of  gust  velocity, 
derived  gust  velocity,  and  ambient  temperature  was  accomplished  through 
the  University  of  Dayton  Research  Institute  (UDRIj.  This  data,  and  the  other 
taped  data,  were  presented  on  computer  printouts  by  UDRI.  The  printouts  and 
all  magnetic  tapes  containing  the  raw  data  for  Phase  1, 1966  and  1967,  are 
available  through  the  National  Severe  Storms  Laboratory,  Norman,  Oklahoma. 
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EROSION  DATA 

46.  The  qualitative  data  'rom  the  erosion  study  consists  of  comparative  in¬ 
formation  on  the  ability  of  various  erosion-resistant  materials  to  withstand 
the  erosion  found  in  the  thunderstorm  structure.  This  information,  which  is  pre¬ 
sented  in  the  form  of  a  chronological  discussion,  including  photographs  of  any 
significant  breakdown  of  any  sample  during  the  Phase  I  activities,  can  be  found 
in  Reference  6  for  1966  and  Reference  7  for  1967,  and,  therefore,  will  not  be 
elaborated  upon  in  this  report.  However,  the  quantitative  information,  which  was 
obtained  during  the  1967  Phase  I  flight  series,  is  presented  in  the  following 
paragraphs. 

47,  A  quantitative  measure  of  the  erosion  conditions  penetrated  was  obtained 
by  exposing  a  1-inch-square  area  of  Teflon  to  the  environment  (Figure  5) 
and  calculating  the  weight  loss  per  unit  time  of  exposure.  This  resultant  data  is 
presented  in  Figure  20. 

48,  The  calculated  erosion  rate  data  indicates  that  the  degree  cf  erosion 
was  most  severe  during  the  first  flight  of  25  April  and  the  Sight  of  18  M&y 
relative  to  the  erosion  rates  attained  during  the  other  data  flights.  Comparison 
of  this  data  with  the  data  in  the  report  on  the  visible  deterioration  of  the  erosion- 
resistant  shoes  shows  that  the  greatest  amount  of  deterioration  to  the  shoes  did 
not  occur  during  the  subject  25  April  and  18  May  flights  but  during  the  flight  of 
30  April  when  hail  approximating  a  0.5-inch  diameter  was  encountered.  The 
erosion  rate  calculated  for  this  flight  was  negligible.  This  apparent  discrepancy 
can  be  explained  by  the  fact  that  the  hail  impact  cut  and  tore  the  shoes  rather 
than  wore  them  down  but  had  little  adverse  effect  on  the  Teflon  sample. 

49.  The  magnitudes  of  the  resultant  erosion  rate  data  were  found  to  be 
relatively  insignificant  for  a  majority  of  the  flights.  In  addition,  some  of  the 
rate  values  are  within  a  nebulous  region  which  is  due  to  the  error  in  weight 
measurement  of  the  Teflon  samples.  Future  utilization  of  this  method  of 
measuring  thunderstorm  erosion  conditions  should  be  accomplished  with  a 
material  which  does  not  have  the  degree  of  tenacity  of  the  Teflon  yet  would 
not  break  down  into  relatively  large  segments  as  does  cork  material. 
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RADIOSONDE  EVALUATION 

50.  Initial  radiosonde  releases  were  achieved  from  the  F-100F  aircraft 
{Figure  1}  while  the  aircraft  was  in  VFR  conditions  over  the  Fort  Sill  restricted 
area  in  Southern  Oklahoma,  to  preclude  the  hazard  involved  if  the  sonde  would 
free-fall  due  to  a  malfunctioning  parachute  system.  Although  radiosonde  release 
were  planned  while  the  aircraft  was  over  or  within  a  thunderstorm,  these  plans 
were  never  achieved  because  of  unsuitable  conditions  over  the  test  area. 

51.  The  results  of  this  evaluation  have  shown  that  release  of  radiosondes 
from  high  speed  aircraft  can  be  properly  accomplished.  The  sonde  can  be 
tracked  by  radar  to  provide  data  on  wind  speed  and  direction  while  ground 
stations  monitor  the  telemetered  ambient  pressures  and  temperatures.  However, 
based  on  aircraft  penetration  experience,  it  is  recommended  that  the  parachute 
canopy  should  be  strong  enough  to  withstand  hail  and  ice  crystal  encounter  and 
the  overall  functional  reliability  of  the  parachute  system  should  be  quite  high 
or  releases  should  not  be  attempted  over  other  than  restricted  areas. 

HYGROMETER  EVALUATION 

52.  The  hygrometer  system  as  installed  for  this  program  was  designed  to 
provide  a  measure  of  the  quantity  of  solid  and  liquid  water  in  an  atmosphere 
saturated  with  water  vapor.  However,  below  certain  pressure  altitudes,  this 
particular  installation  can  monitor  the  dew-point  temperature  of  an  atmosphere 
containing  water  only  in  the  vapor  slate.  The  sampling  of  an  atmosphere 
unsaturated  with  respect  to  water  vapor,  yet  containing  a  quantity  of  liquid 
and/or  solid  water,  would  result  in  dew-point  temperatures  greater  than  the 
atmospheric  dew  point  because  of  the  unknown  quantity  of  liquid  and/or  solid 
water  vaporized  by  the  compressor  ami  mixed  with  the  atmospheric  gas  sample. 

53.  The  following  equation  was  used  to  determine  the  quantity  of  liquid 
and/or  solid  water  in  a  saturated  atmosphere.  The  pressures  are  in  units 
of  pounds  per  square  inch,  absolute,  and  the  temperature  is  in  degrees  Rankine. 
The  constant  H  is  tee  result  of  grouping  various  other  constants  and  conversion 
factors  in  order  that  the  output  values  of  w  will  be  in  grams  per  cubic  meter 
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This  temperature  is,  in  turn,  sensed  by  a  total  temperature  probe.  The  vapor 
concentration  in  the  gas  sample  line  would  be: 


55.  The  source  of  the  gas-line  temperature  was  an  iron  cons  tan  tan 
element  mounted  in  the  gas  line  (Figure  16),  The  hygrometer  provided  the 
dew-point  temperature  for  the  sample.  This  temperature  and  the  hygromctric 
tables  provide  the  partial  pressure  of  the  water  vapor.  The  resultant  gas 
sample  vapor  concentration  found  is  then  transferred  to  atmospheric  conditions 
by  the  following  relationship: 


pgl  vgl 


PATM  VATM 


Therefore,  w'A-|-M 


hGL  ‘ATM 
PATM  TGL 


{ PATM  T6L  * 
PGL  TATM 


The  quantity  of  liquid  and/or  solid  water  encountered  would  then  be  equal  to 
'W^TM  “  W4TM^  S1"*1118  °*  water  per  cubic  meter  of  dry  air  which  is  Equation  4. 

56.  Obtaining  the  dew-point  temperature  for  an  atmosphere  whose  water 
is  all  in  the  vapor  state  involves  a  slight  deviation  from  the  analysis  of  the 
saturated  atmosphere.  In  this  case,  w*  wiU  equal  the  absolute  atmospheric 
humidity  as  given  by  Equation  6.  Therefore,  inserting  the  value  of  w  as 
given  by  Equation  6  and  the  value  of  Wg.^  as  given  by  Equation  7  into  Equation  8 
yields  the  following  relationship: 

H  p  ,  PATM  TGL  [ H  PwSAM  * 

TATM  WATM  PGl  Tatm  Tgl  (9) 


PATM  P*{ 
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The  value  of  dew-point  temperatures  corresponding  to  P  is  then  found 

WATM 

in  the  hygrometric  tables, 

57.  The  hygrometer  system  was  available  for  use  during  flights  17  through 
22,  inclusively,  of  Phase  I,  1967.  Values  of  dew  point  were  obtained  from  the 
start  of  the  climb  to  the  start  of  the  first  penetration  utilizing  Equation  S. 
This  data  is  presented  in  Figure  21  for  three  of  the  six  flights  involved.  These 
flights  were  chosen  for  presentation  because  they  each  occurred  during  the  time 
the  reference  radiosonde  data  was  taken.  The  difference  between  the  radiosonde 
data  and  the  hygrometer  data  is  discussed  in  the  following  paragraphs, 

58.  The  maximum  temperature  depression  attainable  for  the  thermoelectric 
cooler  of  the  sensor  Is  a  linear  function  of  the  ambient  temperature  of  the 
environment  containing  the  sensor  {Reference  9).  The  installation  of  the  sensor 
is  such  that  the  temperature  of  the  sample  is  an  indication  of  the  ambient 
temperature  of  the  atmosphere  containing  the  sensor.  Based  on  this  fact,  the 
approximate  design  limit  of  the  system  is  shown  in  Figure  21  by  the  shaded 
areas.  This  shows  the  dew-point  temperature  of  the  atmosphere  was  below 
the  design  capability  of  the  system  from  a  pressure  altitude  of  14,000  feet  up 
to  the  penetration  altitude,  which  was  20,000feetfor  these  flights.  The  difference 
shown  in  dew  point  for-  altitudes  below  14,000  feet  is  believed  to  be  the  result 
of  failing  to  obtain  a  truly  representative  sample  through  the  flush-mounted 
bleed  port.  This  is  attributed  to  the  high  rate  of  gas  flow  at  this  point  in  the 
engine.  Apparently  the  utilization  of  the  static  pressure  differential  between 
this  point  in  the  engine  and  the  atmosphere  will  not  ensure  procuring  a  suitable 
sample. 

59.  The  fluctuations  and  peaking  of  dew-point  temperature  expected  due  to 
the  liquid  and/or  solid  water  encountered  during  the  penetration  of  the  storm 
clouds  were  not  observed  in  the  data  recorded  on  the  magnetic  tape.  It  is  a 
fact  that  quantities  of  liquid  and/or  solid  water  were  present  in  the  cells  In 
various  places  in  the  clouds.  Since  an  indication  of  these  quantities  was 
not  recorded.  It  is  speculated  at  this  time  that  this  was  due  to  the  nonrepre¬ 
sentative  sample  obtained. 
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60.  Insufficient  quantitative  information  was  obtained  with  which  to  deter¬ 
mine  whether  or  not  such  a  method  at  obtaining  time  histories  erf  the  quantities 
of  solid  and/or  liquid  water  in  the  thunderstorm  is  feasible.  However,  the  author 
believes  further  study  of  the  method  is  merited.  However,  the  two  most  significant 
changes  required  in  the  system  before  future  study  should  be  considered  are: 
{1}  to  expose  the  hot  side  of  the  thermoelectric  cooler  to  a  colder  atmosphere, 
thereby  increasing  the  radiative  and  convective  dissipation  of  the  beat;  and 
(2)  to  insert  a  total  pressure  probe  into  the  bleed-off  port  to  obtain  a  re¬ 
presentative  sample  of  the  gas. 
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SECTION  V 

DISCUSSION  (PHASE  H) 


61*  Data  recorded  on  m&gne ti  c  tape  for  the  A  FCRL  during  Phase  II  Is  shown 
In  Table  IV*  Supplemental  data  recorded  by  means  otter  than  tape  provided 
Insight  to  the  electrical  activity  to  which  an  aircraft  is  exposed  while  within 
or  near  a  thunderstorm  environment.  This  additional  quantitative  ate  qualitative 
data  includes  a  measure  of  the  peak  currents,  time  duration  to  half  value  ate 
overpressure  associated  with  a  lightning  strike  to  dm  aircraft,  in  addition  to 
color  film  cl  the  electrical  activity  oa  the  aircraft  exiremettes. 

62.  The  peak  currents,  time  duration  to  half  value,  and  overpressure  were 
obtained  by  film  coverage  of  dm  oscilloscope  presentations  is  toe  wing  tank, 
A  part  of  toe  resultant  data  is  presented  in  Table  IV*  through  the  courtesy  of  the 
Sandia  Corporation.  A  detailed  analysis  cl  toe  thunderstorm  lightning  film 
was  accomplished  by  the  Sandia  Corporation  ate  the  findings  are  presented 
in  Reference  10. 

63.  The  study  of  1300  feet  of  16mm  color  film  exposed  to  document 
electrical  activity  occurring  cm  the  aircraft,  which  resulted  In  finding  33  frames 
showing  such  activity,  was  accomplished  by  the  Adverse  Weather  Section, 
Flight  Test  Engineering  Division,  ASD.  The  results  of  this  study  are  presented 
in  this  report  along  with  enlarged  prints  of  12  frames  of  special  interest. 
All  frames  are  not  presented  because:  (1)  similarity  exists  between  some  of 
the  strikes;  (2)  the  quality  of  some  cf  the  frames  was  poor;  or  {3}  clarity 
and  distinction  were  reduced  to  an  unacceptable  level  when  such  frames  were 
enlarged  to  the  figure  size  desired  for  this  report. 

64*  Reference  should  be  made  to  Figures  22  ate  23  and  the  associated 
legend  to  properly  interpret  Figures  25  through  34.  Those  figures  with  the 
same  series  number  in  their  title  pertair  to  the  same  strike -discharge. 

65.  It  was  determined  that  the  test  F-100F  aircraft  has  eight  areas  css 
which  aft  strikes  ate  discharges  occurred.  These  areas  are  the  uosebcom, 
wingiips,  the  horizontal  stabilizer  tips,  vertical  stabilizer  trailing  edge,  the 
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eyelids  of  the  afterburner  section,  asd  the  tali  d  the  left-wing  tank.  There 
is  so  discernible  relationship  between  the  strike  and  discharge  points  based  on 
as  examination  of  the  photographs.  However,  sash  as  esasdsation  corded  wits 
knowledge  of  toe  associated  electric  fields  may  produce  gsds  a  relationship. 

65.  The  majority  c£  the  strikes  were  to  the  sosehoom;  the  vertical 
stabilizer  appeared  to  be  the  second  most  — jlsersble  component.  The  wingtips 
and  the  borisHsial  stabilizers  were  toe  points  of  discharge.  Electric  aetivi^ 
was  noted  on  toe  afterburner  twice  and  once  <s  toe  tall  of  toe  wing  tank.  No  sals 
actidt?  was  observed  on  other  areas  of  toe  aircraft. 


ST.  The  most  spectacular  example  of  toe  lightning  activity  recorded 
Is  presented  la  Figures  25  thrown  29.  The  sosehocm  sad  toe  vertical  stabilizer 
received  toe  strikes  and  the  right  wing  probe  served  as  toe  difirb.-«trgg  point. 
The  activity  ce  toe  boom  (Figure  25}  ctssned  when  toe  fife  was  rooTing  la 
Us  c°mera  and,  had  net  the  shutter  been  removed ,  toe  Initial  strike  and  restrikes 


to  toe  noseboom  wcsiid  not  bare  been  filmed.  Figure  24  provides  a  history  of  this 
occurrence  la  a  time  lapse  seqdeade.  &  Sequence  A  uf  Figure  24,  the  sire  raft 
and  film  frame  are  toot iooless  with  respect  to  toe  aircraft  frame  ef  ceieceuce 
fxyz  coordinate  system)  but  musing  with  a  velocity  d  T/S  relative  to  as  sarto 
frame  of  reference  (XYZ  coordinate  system.)  frarisg  toe  l-scccad  mferrsl 
(Reference  paragraph  25),  toe  radiation  passing  through  the  neutral  demits  filter 
and  lens  to  the  film  produces  aa  image  of  the  soseboom  os  toe  exposed  frame. 
After  toe  I-seeosd  exposure,  toe  react  film  frame  begins  to  move  la  frest  of  toe 
leas  at  a  rato  dx/at  relative  to  toe  aircraft  sad  toe  sjr  coordinate  system  as 
shown  is  Sequence  B.  It  was  during  this  Instant  fiat  the  Initial  ffgatoirg  smoke 


came  In  contact  with  toe  sosetioom  and  toe  Image  of  tig  chasnel  was  doogmSTged 
sc  the  film  frame.  The  nest  current  serge  occurred  after  a  time  larval  ® 
when  the  aircraft  had  moved  a  distance  d  Y  (Seapeace  C).  The  psto  ef  fids 
second  current ’surge  closely  approx!  ms  ted  toe  path  cf  the  prior  surge;  Isssvsr, 
the  influx  of  light  from  fids  stroke  channel  was  .fccssed  on  a  different  seed  on 


of  toe  frame  because  of  aircraft  movement  which  resulted  is  a  parallel  Imp 


of  toe  lightning  on  the  frame.  If  fids  procedure  were  repeated  a  number  of 


times,  toe  result  would  be  &  series  m  roughly  parallel  strikes 


is  toe  assess - 


frigare  25). 
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as  it  approaches  tiie  fields  nearby,  or,  if  the  discharge  has  already  been 
triggered,  that  the  aircraft  alters  the  path  of  the  ionization  channel  by  providing 
a  path  of  lesser  resistance  than  the  atmosphere  for  the  current  flow.  Insufficient 
information  is  presently  available  with  which  to  determine  whether  either  of 
these  possibilities  is  fact. 

73.  Table  IV  shows  one  discharge  to  have  been  recorded  through  title  left 
wing  tip  (this  particular  discharge  was  not  found  on  the  film),  and  offers  ground 
for  speculation  that  the  450-gallon  instrumented  tank  under  the  left  wing  has  an 
effect  on  the  current  path.  This  can  only  become  a  speculation  since  there 
were  no  recording  instruments  to  detect  the  path  of  the  current  through  the 
aircraft 

74.  The  Sandia  Corporation  camera  installation  focused  on  the  underside 
of  the  fuselage  did  not  record  any  movement  of  restrike  or  discharge  channels 
along  the  underside  of  the  fuselage  nor  was  any  such  activity  observed  along  the 
back  of  the  aircraft  fuselage.  The  author  feels  that,  based  on  this  experience 
plus  the  fact  that  this  aircraft  was  committed  to  penetrating  storms  to  encounter 
lightning,  the  opportunity  to  observe  this  type  of  channel  movement  with  this 
aircraft  would  be  rare. 

75.  Reference  II  mentions  streamers  being  emitted  from  various  points  of 
the  aircraft  as  the  strike  approaches  the  aircraft.  These  streamers  were  not 
visible  in  any  of  the  film  although  it  is  possible  they  could  have  existed  but  were 
not  of  sufficient  light  intensity  to  affect  the  film. 

76.  The  most  interesting  fact  about  the  series  2  through  4  is  that  the  point 
of  discharge  from  the  aircraft  was  within  approximately  12  inches  of  the  main 
fuel  vent  outlet  (Figure  22)  while  the  aircraft  was  in  the  temperature  altitude 
regime  in  which  JP-4  fuel  is  explosive  (Reference  13),  These  strike  occur? snees 
indicate  that  a  vent  located  near  an  aircraft’s  extremity  is  quite  vulnerable  to 
a  direct  strike  discharge. 
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SECTION  VI 

AIRCRAFT  DAMAGE 

77.  This  test  F-100F  aircraft  probably  sustained  more  lightning  strikes 
than  any  aircraft  of  its  type  during  a  normal  aircraft  life  span,  yet  the  most 
severe  damage  ever  received  as  a  result  of  a  lightning  strike  consisted  of 
concentrated  points  at  which  the  aircraft  metal  was  melted  by  a  strike  or 
discharge  (Figures  25  and  36).  The  fact  that  the  aircraft  received  relatively 
little  damage  is  attributed  to  the  protective  devices  installed.  These  devices 
consisted  of  a  nitrogen  purge  system ,  various  probes  on  the  aircraft  extremities, 
and  a  metal  strip  over  the  top  of  the  canopy. 

78.  The  nitrogen  purge  system  was  designed  to  keep  an  efflux  of  fuel- 
nitrogen  vapor  through  the  main  fuel  vent  outlet  in  the  vertical  stabilizer. 
It  was  installed  because  LTRI  laboratory  tests  (Reference  12)  indicated  flame 
propagation  into  this  vent  system  was  a  definite  possibility. 

79.  The  wing  tips  and  the  vertical  stabilizers  were  protected  by  the 
aluminum  probes  mounted  at  these  points.  The  probes  received  the  burns 
instead  of  the  wingtips  or  the  stabilizer.  A  different  type  erf  probe,  classed  as 
diverter-discharges,  protected  the  horizontal  stabilizers.  These  diverter- 
discharger  probes  served  as  static  dischargers  as  well  as  burn  points  for  the 
lightning  discharges. 

80.  The  third  type  of  protective  device  used  on  the  aircraft  was  a  metal 
strip  installed  along  the  length  of  die  canopy  (Figure  11).  It  was  installed  because 
the  LTRI  simulated  natural  lightning  tests  on  a  salvaged  F-100F  canopy  (Refr 
erenee  12)  indicated  it  is  feasible  that  a  strike  approaching  the  canopy  area 
could  cause  streamers  to  form  at  various  locations  within  the  cockpit  and  that 
the  strike  channel  could  make  contact  with  one  of  these  streamers  by  piercing 
the  canopy  if  there  were  not  a  more  suitable  point  of  contact  such  as  the 
metal  strip. 
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CONCLUSIONS  AND  RECOMMENDATIONS 
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81.  In  conclusion  ii  can  be  stated  that  the  data  obtained  as  a  result  of 
this  program  presents  an  approach  towards  the  achievement  of  complete  and 
thorough  understanding  of  the  complexities  of  severe  storms  as  well  as  the 
identification  and  production  of  accurate  and  reliable  models  of  thunderstorms. 
However,  it  is  obvious  that  there  is  still  a  great  quantity  of  data  needed  to  explain 
in  more  precise  detail  the  mechanism  of  the  thunderstorm  and  its  associated 
electrical  phenomena.  Aircraft  such  as  the  test  aircraft,  in  this  report  will 
likely  continue  to  be  involved  in  similar  programs  in  the  future,  so  that  the 
following  recommendations  should  be  considered  for  that  aircraft  as  well  as 
for  other  all-weather  types  of  aircraft: 

a.  Such  aircraft  should  be  subjected  to  simulated  natural  lightning  strikes 
before  flights  are  made  into  or  about  thunderstorms  to  determine  the  effect 
ox  strikes  on  the  aircraft. 

b.  A  proven  flame  arrestor  should  be  installed  in  the  fuel  vent  systems 
of  all-weather  aircraft  if  the  particular  vent  position  is  considered  vulnerable. 

c.  Diverter-dischargers  should  be  installed  cm  the  extremities  of  all- 
weather  aircraft 

d*  The  nitrogen  purge  system,  the  diverter-dischargers,  and  the  metal 
strip  over  the  canopy  should  be  reinstalled  should  the  F-100  aircraft  be  used  in 
future  thunderstorm  studies. 

82.  The  conclusions  leached  regarding  the  data-gatheriog  procedures  are: 

a.  Radiosonde  release  into  particular  cells  of  a  thunderstorm  system 
is  a  feasible  method  of  obtaining  data  from  storm  systems  too  severe  to 
penetrate  with  an  aircraft 
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b.  The  dew-point  analysis  of  engine  hot  bleed  air  for  water  content  and 
for  relating  this  data  to  atmospheric  conditions  should  be  studied  further  to 
determine  whether  this  is  a  valid  method  of  obtaining  data  on  liquid  and/or  solid 
water  content  inside  and  around  the  perimeter  of  thunderstorm  systems. 

c.  The  exposure  of  material  to  the  erosion  environment  penetrated  by  an 
aircraft  is  a  feasible  method  of  obtaining  quantitative  information  on  the 
relative  degree  of  erosion  encountered. 

d.  The  probe-camera-oscilloscope  combination  is  a  reliable  and  satis¬ 
factory  method  of  obtaining  data  on  lightning  strikes  to  and  discharges  from  an 
aircraft. 

e.  Successful  utilization  can  be  made  of  rockets  trailing  wires  to  in¬ 
crease  the  probability  of  aircraft  contact  with  a  cloud-to -ground  lightning  strike. 
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TABLE  I 


PROJECT  AIRCRAFT  AND  FLIGHT  ACTIVITIES 


AIRCRAFT 

PURPOSE 

F-100F 

Penetrate  Storms 

Drops onde  Releases 

Lightning  Study 

T-33 

Chase 

PHASE  I 

PHASE  n 

1966 

1967 

1966 

Days  spent  at  test  site 

50 

43 

31 

Days  during  which  storms  were  available 

15 

20 

14 

Data  flights  at  test  site 

18 

23 

14 

Number  of  thunderstorm  penetrations 

76 

163 

105 

Minutes  of  data  collected  (approx. ) 

264 

440 

600 

Number  of  recorded  lightning 
strikes  (approx. } 

— 

— 

16 

Induced  cloud-to-ground 
lightning  strikes 

— 

0 

TABLE  rr 

THUNDERSTORM  DATA  ACCUMULATED  DURING  PHASE  I 
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UHF  ARN-0  ftoeolvor  No  I  iso 


Figure  1.  Tie  F-100F  Penetration  Aircraft  -  Hase L  (A  dropsondei, 

mfer  the  left  wing.  lie  prion  ueS^SiS 
was  installed  to  csc’ry  a  secoad  sonde.  )  ^ 


Figure  2,  The  F-IOOF  Peaeiraiior  Aircraft  -  Raa  1L 


•iiitiiiiifimimimiiiii)  muiiiiniii.iiiiiiiimii1  ,ii 


Figure  8.  The  Lightning  Probe  and  Main  Fuel  Vent  Outlet  in  the  Vertical 
Stabilizer 


HU  liiMliUUlU  iWJJiiHJiUU ,  U 1111 ' 


Figure  16.  Use  Sensor  Mounted  in  the  Underside  of  the  Aircraft  Fuselage 
{The  hygrometer  sensor  and  mounting  block  (1),  sample  line 
static  temperature  sensor  (2),  and  static  pressure  sensor 
{3}»  mounted  on  the  underside  of  the  F-100F  fuselage  in  front 
of  the  tail  hock  yoke. } 
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Figure  17.  The  Gas  Sample  Tubing  from  tha  Engine  to  the  Sensor 

{The  arrows  indicate  the  flush-mounted  bleed-off  port  behind  the 
low  pressure  compressor  and  the  start  of  the  sample  line 
vacuum  insulated  tubing.  > 


Figure  IS.  The  Hygrometer  Control  and  Calibration  Units  Mounted  in  the 
Left  Gun  Bav. 
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Figure  20.  Teflon  Erosion  Rsfe  Data  Presentation 
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Figure  22.  Series  2.  f  *gb*M*g  Discharge  from  g*  Trailing  Edge  of  Has 
Vertical  Stabilizer.  (Figure  sbo-'s:  (15  Aircraft  ooseboem: 
125  Left  horiz-oalai  stardlirer;  (3)  Mala  Faei  Vest  Oiflet. } 


Figure  23.  -Serj^  2.  UglSal^  Discharge  from  fise  left  Stsisliser  Dtserfer- 
Dlsels^er  aad  ibe  Vertical  SisMitser  Trailing  Eggs, 


le^ssaz 

12}  Eight  Srlafgp  llgftainr  probe; 
C3)  Sight  horizontal  stabiliser; 
f4  Carsopr  protector  strip; 


{5}  Vertical  stabilizer  lightning  praise; 
15}  left  horizontal  stabiliser; 

(?)  Left  -srtngtip  ligHsssg  probe; 

(SI  Left  asrodjosarnlc  fence. 
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Figure  27.  Series  1.  Lightning  Discharge  from  the  Right  Wingtip  Probe 
and  Vertical  Stabilizer  Probe 


Figure  28.  Series  1.  lightning  Discharge  from  the  Right  Wingtip  Probe 
and  Vertical  Stabilizer  Probe 
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Figure  22.  Series  1.  lightning  Discharge  from  the  Right  Wlngtip  Probe 


Figure  30.  Series  3.  Segment  of  a  lightning  Strike  Surge  Channel  Below 
the  Nosehoom 


Fipnre  32. 


Series  4.  Lightning  Strike  to  the  Aircraft  Nose  boom 
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Figure  33.  Series  4.  Lightning  Strike  to  the  Aircraft  Noseboom  and 
Corresponding  Discharges  from  the  Right  Hor*zontal 

2fv!iSr„,?iS^T;2SCtarSer  fro®  U*  trailing  Edge  „! 


Figure  34. 


Series  4.  Lightning  Discharge  from  the  Right  Horizontal 

Diverter-Discharger  and  a  Segment  of  the  Disc  bar 
channel  Behind  the  Aircraft 
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Figure  35.  lightning  Burns  on  the  Nossb<x>m 


Figurs  35.  lightning  Discharge  Bars  on  the  Trailing  Edge  of  tbs  Rudder 
(A  lew  inches  from  the  main  fuel  vent  outlet) 


iTft&L  DATA  -  SiD 


2  C  *C?W*Y 


=2*.  «C»»?  sCCii 


tfi  **£*»**» 

f*?TT  CSJ»»i**C*Ti5i« 


&wfffcv«¥iKOHy 


Wrigbt-Paftersen  APB,  Ohio  45433  _ j 


3,  ?BWHT  TiTiC 

"SYNOPSIS  OF  A  THUNDERSTORM  RESEARCH  PROGRAM*® 
{ROvGHRH>£R> 

I9SS-1&S7 


MILLER,  EDWARD  /NMD 


t  e^Kryit 

AagOSt 13SS 


,<  cmiuct  M  su*r  k».  ^  j 

i  «s-w£t  S04A-SS20  {SOS} 
321K- 97340  (601) 


i  •>*.  «ar<L  ms-,  a*  *****  I  **-  o*  **»* 

j  6? _ J _ 

*«.  * c » s %  .  *a*twig 

ASD-TR-SS-29 

fi.  «Sfl5  fA*r*3m-r  ■!«"  *** 


is-  ii  v*  ri.  **:^iT¥/^?wrr*r;a*  *£m«s 

This  document  has  been  approved  for  public  release  asd  sale;  its  distribution  is  unlimited. 


ii.  ss»u)BBiTttT  hstts 


t  U-  £*9K*SA9tS  *UTttr  *CTS«Ty 


NONE 


f  AFSC  (ASD) 


!  J**ST*»CT 

'The  ultimate  objective  of  the  meteorologists  involved  in  this  particular  study  of  tbe 
cumulonimbus  was  to  obtain  sufficient  data  during  varloss  stages  of  tbe  cycling 
thunderstorm  so  as  to  be  able  to  produce  a  detailed  model  of  the  sabj ect  and  thus 
improve  the  ability  to  predict  the  magnitude  and,  where  applicable,,  the  direction  of  tbs 
variables  involved.  This  project  required  a  platform  from  which  insirtnse station  could 
be  utilized  to  sample  the  sought  after  storm  information.  The  platform  was  as 
instrumented  AF  F-100F  aircraft  vrhich  was  used  to  penetrate  thunderstorms  and  the  air 
space  surrounding  IN'  perimeter  of  the  storm.  Tbe  aircraft  was  vectored  by  ground  radar 
into  tbe  parbcula'  _reas  of  interest  to  record  the  various  data.  This  information  would 
be  analyzed  wife  data  recorded  simultaneously  by  ground  based  meteorological  equipment 
to  provide  a  relatively  detailed,  fixes  correlated  picture  of  the  synoptic  situation.  Needless 
to  say,  the  data  acquired  is  volumissoas  Is  quantity  and  at  the  time  of  this  writing  is  is 
tbe  prelim; nary  stages  of  analysis.  Therefore,  this  report  will  not  delve  Into  a  detailed 
discussion  of  the  data  bat  shall  note  from  whom  such  an  analysis  can  eventually  be  obtained. 
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